The present study was performed to evaluate the possible inclusion of the by-products of green beans (GB) into the diet of broiler chickens. A total number of 288 one day old male Ross broiler chicks were randomly distributed into eight experimental groups. The chicks in the first group were fed a basal diet only and this was the negative control group. The second group served as positive control and the chicks were fed on a basal diet supplemented with a commercial enzyme (Benzyme-A). The six remaining groups were fed diets containing GB at three inclusion levels 8%, 16% and 24% in partial replacement of yellow corn. For each inclusion level one group was fed a diet free of enzyme and the other was fed a diet supplemented with enzyme. The results showed that including GB in broilers diet up to 16% did not significantly affect the chickens' performance. The recorded blood parameters of the chickens were found to be in normal ranges. The results also revealed that enzyme supplementation enhanced the performance of the chickens. The use of GB in the broilers diet was found to be beneficial from the economic point of view by reducing the total cost of the diet and thus increasing the profit.
INTRODUCTION
Poultry production is highly important for most developing countries to compensate for the increasing demand for animal proteins. Poultry feed cost accounts for about 60-70% of the total production cost (Hossain et al. 2008) . The cost of feed is very high and in recent years the price of conventional or basic feeding ingredients has tremendously increased. This has made poultry/ live stock production very expensive (Zafar et al. 2005) . It is a must now to search for low-cost unconventional feed alternatives. One of the potential approaches to this is to use the byproducts of food processing industries in poultry diet.
In Egypt food processing is the second largest industry (El-Araby et al. 2005) . The green bean (Phaseolus vulgaris L.) is considered one of the most important vegetable crops grown in Egypt, and occupies a great part of local consumption and export (El-Noemani et al. 2010) . The cultivated area of green bean in Egypt is 2.4% of the total world cultivated area, producing about 3.5% of the total world production of bean (El-Noemani et al. 2010) .
Green beans and other beans, such as kidney beans, navy beans and black beans are all known scientifically as Phaseolus vulgaris -the common bean -which has been used throughout history to feed both humans and animals. Though raw beans have a relatively low concentration of digestible protein (Koehler et al. 1986 ), they are an important crop in areas with limited access to animal proteins or technological advances for further food processing. The seeds of several species of bean and particularly those from the genus Phaseolus have long been known to be a rich source of proteins, minerals, vitamins, and energy in diets for human and monogastric animals (Arija et al. 2006) .
The utilization of grain legumes as a protein source for poultry is limited by the presence of antinutritional factors (Teguia and Fru 2007) . Food grain legumes that are usually produced locally could be used as protein sources in poultry feeding provided they have been properly treated to eliminate the antinutritional factors (ANFs) they contain (Teguia and Fru 2007) . Most of the (ANF) negative effects could be compensated for effectively by heat treatment (Van der Poel 1990) . The inclusion of different types of beans in the broiler diet has been previously reported in the literature (Farrell et al. 1999 , Teguia and Fru 2007 , Fualefac et al. 2008 .
Recent advances in biotechnology and animal nutrition have indicated that exogenous enzyme supplementation renders fibrous polysaccharides and other anti-nutritional factors utilizable by monogastric animals (Broz and Frigg 1990) .
The objective of the present study was to investigate the effect on the chickens' performance, carcass traits and blood indices, of including graded levels of green bean by-products into the broiler diet (with and without enzyme supplementation). The study also included an evaluation of the economic efficiency of using the by-products of beans in the broiler diet.
MATERIALS AND METHODS
Tested by-product and enzyme Green bean by-product (GB) was collected from local food-processing factories. It was air dried to get rid of moisture, then subjected to heat treatment according to Stern et al. (1985) to reduce the antinutritional factors, left to cool at room temperature and then finely ground and thoroughly homogenized before mixing with the other ingredients of the experimental diets.
The enzyme used in this study was Benzyme-A (Inclusion rate was 0.05% as suggested by the manufacturer China Bestar Laboratories LTD). Each 1000 g of the enzyme contains: Cellulase 700000 U, Amylase 100000 U, Pectinase 60000 U, Phytase 100000 U, Xylanase 1000000 U and Carrier (Silica sand) up to 1000 g.
Bird management and diet formulation
The experiment was carried out at the Poultry Experimental Station of the Regional Center for Food and Feed (RCFF) located in Nubaria, Alexandria, Egypt.
A total number of 288 one day old male Ross broiler chicks were used in this study. The experimental diets were formulated to cover the chick requirements as recommended by the management guide data (Aviagen 2002) . The first group was supplemented with enzyme while the other group was free of enzyme. Every dietary treatment was fed to 3 replicates of 12 chick's each. The average initial live body weights of all replicates were nearly the same. Electric heaters were used to keep the required temperature for the brooding period. Light was provided 24 hr daily throughout the experiment. Feed and water were provided ad-libitum throughout the 35-day experimental period.
The starter diets contained 23% CP and 3000 kcal ME kg -1 , the grower diet contained 22% CP and 3100 kcal ME kg -1 and the finisher diet contained 20% CP and 3200 kcal ME kg -1 . The bean by-product was added to the experimental diets in levels of 8%, 16% and 24%. The diets were divided into two groups. L-Lysine monohydrochloride and DL-methionine were added to cover the chicks' requirements of lysine and methionine + cystine. Vegetable oil was used to achieve the required ME level. Vitamin and mineral mixtures were added at a level to cover the chick requirements.
Tables (1-3) show the formulation and nutrient composition of the experimental and control diets used during the starter, grower and finisher periods. 
Collection of samples and measurements
Feed consumption and chicken's live body weight were recorded at the 14 th , 28 th and 35 th day after fasting overnight, and the feed conversion ratio (feed/gain) was then calculated. During the experimental period, mortality rate and signs of apparent leg problems were recorded.
At the end of the experimental period (5 weeks of age), a slaughter test for carcass traits was performed on 60 birds including 3 from each of the control groups and 3 birds from each experimental replicate. After the removal of head, viscera, shanks, spleen, gizzard, heart and liver the rest of the body was weighed to determine the dressed weight. The edible organs (heart, empty gizzard and liver) were then individually weighed. All weights were recorded to the nearest 0.01 g and expressed as a percentage of the fasting weight.
At the end of the experiment, 60 birds including 3 birds from each of the control groups and 3 birds from each experimental replicate were chosen from each treatment for blood analysis tests. Three ml of blood were obtained from the wing vein using a 3 ml syringe and 23 gauge needle, then immediately transferred into sterile tubes containing Heparin and centrifuged at 3000 rpm for 15 min. to separate the plasma. The plasma was collected and kept in a deep freezer for subsequent chemical analysis.
Blood plasma was analysed for cholesterol, triglycerides, glucose and total protein, using kits purchased from the agent of DiaSys Diagnostic System. Haematological parameters, Hb, RBCs, WBCs and Platelets, were measured in an ABC veterinary auto analyser using a closed reagent system. All determinations were performed according to the procedures described by Thomas (1998) .
Chemical analyses
Moisture, crude protein, crude fibre and ash were analysed according to the methods of the Association of Official Analytical Chemists International (AOAC, 2006) . Ether extract was acquired by extraction from petroleum ether following acidification with 4 N HCl solution (Wiseman et al. 1992) . Amino acids were analysed following AOAC (2006) procedures, and separated using a Beckman 7300 High Performance Amino Acids Analyzer (Beckman Coulter, Mannheim,Germany).
Fibre fractions, neutral detergent fibre (NDF), acid detergent fibre (ADF) and acid detergent lignin (ADL) measured using the Tecator Fibertic System to the procedures of Goering and Van Soest (1970) . Hemicellulose was calculated as the difference between NDF and ADF, while cellulose was calculated also as the difference between ADF and ADL.
Economic efficiency calculation
Economic efficiency was calculated from a money output and input analysis based upon the differences in both growth rate and feeding cost. The economic efficiency was calculated as: (Net Revenue/Total cost) × 100.
Statistical analysis
Data obtained from the chick experiment were statistically analysed for the analysis of variance using the general linear model of SAS (SAS Institute 1999). The following model was used: Y ij = U+T i + E ij ; Where Y ij = Any observation, U = the overall mean, T i = effect of dietary treatments (1, 2, 3, …) and E ij = random error mean. Means were compared (P<0.05) using Duncan's new multiple range test (Duncan 1955) .
RESULTS AND DISCUSSION

Chemical composition of green bean byproducts (GB)
The results of chemical analysis showed that GB contains a good amount of nutrients. The GB dry matter (DM) content was found to be 87.96%, its crude fibre, ash and ether extract were determined to be 2.55, 6.95 and 0.58 g 100 g -1 DM; respectively. The crude protein content of the green bean byproduct (22 g 100 g -1 DM) was found to be higher than some other common legumes such as Pisum sativum (21.9 g 100 g -1 DM); Phaseolus vulgaris (20.9 g 100 g -1 DM); Cicer arietinum (18.5 g 100 g -1 DM) and Lens culinaris (20.6 g 100 g -1 DM) (Costa et al. 2006 ). According to Catootjie (2009) , GB represents a good source of protein (>200 g kg -1 DM). The high protein content of bean has nutritional significance, since moderate intake of these grains will greatly increase the total dietary protein intake (Bressani 2002) .
The chemical analysis results also showed that GB can be considered a good source for providing the birds with their energy requirement as it contains 67.52 g 100 g -1 nitrogen free extract (Jassim 2010) .
The GB cell wall contents were recorded to be (34.71 g 100 g -1 DM) neutral detergent fibre (NDF), and (10.75 g 100 g -1 DM) acid detergent fibre (ADF). The cellulose content of GB was 6.25 g 100 g -1 DM, hemicellulose (23.96 g/100 g DM) and its lignin content was 4.5 g 100 g -1 DM.
The results of the amino acids analysis showed that the green bean by-product contained Arginine (6.03 mg 100 g -1 ), Lysine (6.56 mg 100 g -1 ), Histidine (2.72 mg 100 g -1 ), phenylalanine (5.63 mg 100 g -1 ), Leucine (7.81 mg 100 g -1 ), Isoleucine (4.41 mg 100 g -1 ), Valine (5.27 mg 100 g -1 ), Threonine (4.33 mg 100 g -1 ) and Methionine (2.68 mg 100 g -1 ). These results reveal that green bean by-product contains adequate levels of all the essential amino acids as compared to NRC (1994) requirement pattern.
Effect of experimental diets on chicken performance
The performance results of broilers fed graded levels of GB with and without enzyme supplementation are presented in Table 4 . The final body weight and weight gain values were not significantly (P<0.05) affected up to 16% GB inclusion level without enzyme. The increase in GB replacement level resulted in a significant decrease in body weight and weight gain. This depressive effect of GB inclusion on weight gain and final body weight could be due to the poor accessibility of nutrients in the diets. Fualefac et al. (2008) found a similar depressive effect on weight gain and body weight induced by boiled black common bean. These authors concluded that even though black beans were boiled, this was not quite enough to properly deactivate the antinutritional factors (ANFs) present in these legume grains. Similar results of weight depression were obtained by Dousa et al. (2011) , for the inclusion of faba beans at different levels in broiler diets. The authors attributed their findings to the presence of antinutritional factors in the experimental diets which may reduce protein digestibility.
It is also necessary to point out that the groups fed GB and supplemented with enzyme recorded significantly (P<0.05) higher weight gain and final body weight as compared to the groups fed GB without enzyme supplementation. Nevertheless, as compared to the positive control group it can be noted that the groups fed graded levels of GB with enzyme showed a significant decrease in their body weight and weight gain values. No significant differences were observed for the feed intake values of the chickens fed graded levels of GB with enzyme and those fed 24% GB without enzyme, whereas, the chickens fed the diets containing 8% and 16% GB without enzyme recorded significantly (P<0.05) higher feed intake values compared to the control group and other experimental groups.
It was also observed that, compared to all other groups, the group fed GB (24%) without enzyme recorded a significantly (P<0.05) worst feed conversion ratio. This poor feed conversion recorded with the increased GB inclusion level in the diets confirms the previous results of depressed growth. According to Lovell (1989) ; the presence of ANFs in feed is usually associated with a depression in feed utilization.
The results of the experiment show that, as a general trend, the inclusion of enzyme in the diets numerically improved the chicken's performance parameters compared to the groups non-supplemented with enzyme. According to Wiryawan and Dingle (1999) enzyme supplements that hydrolyze non-starch polysaccharides increase the metabolizable energy and protein values of grain legumes. Table 5 shows different carcass characteristics (Total edible parts, dressing weight, liver, gizzard, heart, breast, drumstick and thigh) recorded for the chickens at the end of the experimental period.
Effect of dietary inclusion of GB on carcass characteristics
The increase of the inclusion level of GB in the diets resulted in a significant (P<0.05) decrease in the total edible parts and dressed weight percentages of the chickens. On the other hands, no significant differences were found for the liver and heart weight percentages of the treated groups as compared to the control groups. A significant (P<0.05) increase in gizzard weight was observed for the GB 24% inclusion level. Symbols as in Table 4 . Means within the same column with different superscripts are significantly different (P<0.05). ALT = alanine aminotranferease; ALB = albumin; TP = total protein; GB = green bean Means within the same column with different superscripts are significantly different (P<0.05). GB = green bean; RBC = red blood cells; HGB = hemoglobin; HCT = hematocrit; PLT = platelets; MCV = mean corpuscular volume; MCH = mean corpuscular hemoglobin; MCHC = mean corpuscular hemoglobin concentration
Blood parameters
Blood represents an important index of physiological, pathological and nutritional status of the organism. Blood parameters have been shown to be major indices of physiological, pathological and nutritional status of an organism, and changes in the constituent compounds of blood when compared to normal values could be used to interpret the metabolic stage of an animal as well as quality of feed (Nworgu et al. 2007) . Table 6 shows the results of the serum biochemical parameters measured at the end of the experimental period.
The results obtained for blood glucose were in the normal ranges (215-500 mg dl -1 ) previously reported in literature (Bounous et al. 2000) .
Compared with the control diets, the inclusion of GB caused a significant (P<0.05) reduction in the blood cholesterol and triglycerides levels of the chickens. The lower cholesterol level of the treated groups could be attributed to the high level of fibre in GB compared to the controls. Burr et al. (1985) reported a negative correlation between dietary fibre content and serum cholesterol. Moundras et al. (1997) reported that the plasma cholesterol lowering effect of crude fibre may be due to its ability to enhance the fecal excretion of cholesterol and bile acids. A similar cholesterol depressing effect was reported by Carew et al. (2003) for the inclusion of velvet bean in broiler diets. These authors attributed their results to adsorption of intestinal cholesterol by dietary fibre,and rapid excretion or to a more specific effect of some other component in velvet bean.
According to Aderolu et al. (2007) ; serum protein is a function of protein quality and the reduction in globulin values may be regarded as an indication of malnutrition. In the present study it can be seen that the inclusion of GB in the broilers' diet resulted in a significant (P<0.05) increase in the total serum protein and globulin when compared to the control groups. These results indicated that the use of GB in the broilers' diet enhanced their physiological traits.
The other parameters evaluated, such as serum albumin, glucose, ALT, AST and creatinine were not of significant effect. * The price of ingredients in the Egyptian market at the time of the experiment in L.E ton -1 were: 1500 for corn, 2800 for soybean, 4700 for gluten, 6000 for oil, 6500 for di-calcium, 600 for beans by-product. Table 7 summarizes the results of blood constituents of the different experimental groups. All the measured blood constituents were found to in the normal range previously reported by Bell and Sturkie (1965) and Simaraks et al. (2004) . It has been documented that the normal values of RBC, MCV, MCH, haemoglobin, PCV and MCHC have a great importance in the distinction between healthy and unhealthy birds Emoke (2005) .
The inclusion of GB in the diets did not affect (P<0.05) the RBC, HGb, PLT, and MCH values of the chickens as compared to the controls, whereas the groups fed GB at 24% without enzyme supplementation and all the diets incorporated with enzyme, recorded significantly (P<0.05) higher HCT values and lower MCHC values as compared to the respective control groups.
Economic efficiency of the experimental diets
The final body weight, length of the growing period and feeding costs are generally among the most important factors involved in the achievement of maximum efficiency in meat production. The effect of the different experimental diets on the economic efficiency of meat production is presented in Table 8 . The economic efficiency values were calculated according to the prevailing market price of feed ingredients as well as the price of one kilogram live body weight at the end of the experimental period which was 13 L.E.
The calculation of economic efficiency showed that the feed price of the diet decreased as the inclusion level of the tested by-product increased as compared to the control group. It can also be noticed that in the groups with a higher replacement level, broiler weight was lower and the cost of feed was also lower because the meals which use by-product are cheaper. Thus the resulting relative economic efficiencies of the experimental diets were higher relative to the control groups. It can be noticed from Table 8 that including green bean by-products in the chicken diets has reduced feed costs and increased the profit. It is worth noting that enzyme supplementation has led to an enhancement in the relative economic efficiency of the groups fed diets containing GB + Enzyme compared to those fed GB without enzyme.
The results of the present study have revealed that the by-product of green bean food processing represents a good source of protein and other nutrients which make it possible for it to be used in broiler diet. The use of green bean by-product in broiler diet by an inclusion level up to 16% did not show any negative effect on broilers performance, carcass characteristics and blood parameters. The quality of the diet could be enhanced by enzyme supplementation. Green bean by-products can be recommended as an alternative and economic source of protein ingredients in poultry feed, thus reducing the dependence on conventional protein sources and lowering the cost of feed production.
